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SPECIFICATION 

1. Title of the Invention Semiconductor Device 

2 . Scope of Claims 

(1) A semiconductor device characterized in that a surface 
layer of a main surface region is formed into a semiconductor 
layer under said surface layer and into a same conductivity type 
layer, and a concentration of said surface layer is set higher 
than an impurity concentration of said semiconductor layer in 
said main surface region of said semiconductor device . 

(2) A semiconductor device according to claim 1, wherein said 
surface layer is formed on a P-type silicon substrate and is 
a P-type well layer having a- higher^ impurity concentration than 
said substrate has . .in 

(3) A semiconductor device according to claim 1, wherein said 
surface layer is a P-type well layer formed within a P-type 
impurity concentration layer formed on a high- concentration 
P-type silicon substrate. 

3. Detailed Description of the invention 

The present invention relates generally to a semiconductor 
device, and more particularly to a semiconductor device 
including a structure capable of restraining a malfunction due 
to a pseudo signal in a solid-state imaging device, a MOS memory 
device, etc. 

Description of the Prior Art 

The solid-state imaging device is classified into an X-Y 
address scan type in which selection pulse signals are 
sequentially transmitted to pixels which have a photo-electric 
converting function and an accumulating function and are 
two-dimensionally arrayed, and signal charges accumulated 
therein are read out, and into a charge transfer type in which 
the signal charges accumulated in the respective images are 
transferred in one direction by a CCD (Charge coupled Device) , 
a BBD (Bucket Brigade Device) , ,,.etc that have a self-scan 
(transfer) function and are then extracted. 

The single solid-state imaging device is, as illustrated 
in FIG. 1, configured such that an nMOS transistor is formed 
on a P-type silicon substrate 1, light beams H are, when getting 
incident, converted photo-electrically with the result that 
electric charges (-) are accumulated into an N-type source 
region 3 . An accumulation capacitance is formed at a junction 
face between the P-type silicon substrate 1 and the N-type 
source region 3 . A pulse voltage is applied to a gate 4 from 
a scan signal generator 9, whereby the charges (-1) accumulated 
in a source junction capacitance are read out of a drain 5 and 
output by a resistance Rl- 

In the incident beams of light, the light having a short 
wavelength is converted into the electric charge on the surface 
of a source region 3 , while the light assuming red and therefore 
having a long wavelength and the infrared light etc enter up 
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to an inner part of the region 3 and are converted into the 
electric charges. By the way, an eye of a person has a 
sensitivity covering wavelengths in the vicinity of 
approximately 700 nm, but does not react on the wavelengths over 
the range. The solid-state imaging device in FIG. 1, however, 
has the sensitivity covering the wavelengths in the vicinity 
of approximately 1000 nm. Hence, if used as the imaging device 
for a color TV etc, the red light and the infrared light appear 
to be white to the eye of the person. Such being the case, a 
scheme of allowing only the light having the wavelengths 
sensitive to the eye of the person to be incident involves 
fitting an IR (Infrared) filter to the front surface of the 
imaging device, and, as shown in FIG. 2, forming a P-type well 
(the impurity concentration: 2 x lO^^cm'^) 62 on an h-type 
silicon substrate (the impurity concentration: 5 x 10^*cm'^) 61, 
whereby holes in the substrate 61 re-couple and absorb the 
charges caused by the light having the long wavelengths as the 
red light and the infrared light have, which can not be blocked 
by the IR filter. As a matter of fact, as illustrated in FIG. 
2, a plurality of wells 62, 62', 62" is formed on the single 
large substrate 61 . A multiplicity of MOS transistors (63, 64, 
65) or a plurality of photo diodes 10 is arrayed in matrix within 
the large well 62 among these wells, resulting in formation of 
a group of imaging devices. The transistors and diodes of 
vertical and horizontal scan circuits or charge transfer 
circuits are arranged in other wells 62' , 62", and P-type well 
electric potentials of the photo diodes are controlled from the 
periphery. 

Therefore, in the conventional solid-state imaging device, 
horizontal shading and a vertical smear occur, resulting in a 
decline of performance. 

To start with, the horizontal shading will be described. As 
shown in FIG. 3, a well potential Vo of a central portion of 
the photo diode array is equivalently fixed to a well potential 
Vw of an external portion via a horizontal resistance R of the 
well 62. As a result, the well potential Vo fluctuates with 
a time constant determined by the well resistance R and by the 
well-to-substrate capacitance^. :C, and a quantity of the 
fluctuation depends on a position of. the diode array. For 
example, when charged with the electricity with respect to the 
P-type well 62 by applying 3V to a drain 65, the photo diode 
in the vicinity of an electrode immediately follows 3V. The 
well potential Vo of the central portion becomes, however, 
gradually the potential Vw with a CR time constant, and it 
follows that a potential difference occurs at only 2 . 8V - 2 . 9V 
in a Pn junction. Accordingly, when this is displayed on a CRT 
(Cathode Ray Tube), a dark area appears to be bright. 

Next the vertical smear will be described. The sourcei 
region 63 and the drain region on the well 62 are equal in their 



potentials, and an interval between the two regions is as short 
as of about 3 iim. Therefore, the charges generated in the well 
62 get diffused, then reach the source region (n*) 63 and should 
be accumulated, but arrive at the drain region (n*) 65 also, 
as the case may be. The charges in the well 62 have the same 
migration distance, which is on the order of Spm - 4]j.m, to the 
source or the drain. Hence, when reaching the drain region 5, 
even when none of the signal charges exists, the electric 
current flows to a reading line, and it follows that the white 
lines flicker on the CRT screen. 

The disadvantages about the horizontal shading and the 
vertical smear of the solid-state imaging device have been 
explained so far, however, this is a problem applied to a 
general type of semiconductor device. For example, in the 
memory device, the n- layer is fcirmed on ' the P-type silicon 
substrate, or alternatively, fthe n- layer is formed in the 
P-type well on the n-type silicon substrate, respectively. 
However, a-lines get incident on the accumulating portion and 
are thereby converted into the charges, and the charges are 
accumulated in the accumulating portion. As a result, the 
elements accumulated. therein .alter, resulting in a problem that 
the malfunction is caused. 
Object of the Invention 

It is an object of the present invention for solving the 
problems inherent in the prior arts to provide a semiconductor 
device capable of restraining, the pseudo signals due to the 
horizontal shading and the vertical smear in the case of the 
solid-state imaging device, and preventing the malfunction due 
to the a-lines in the case of the memory device. 
General Description of the Invention 

The semiconductor device according to the present invention 
is characterized in that a surface layer of a main surface 
region is formed into a semiconductor layer under the surface 
layer and into a same conductivity type layer, and a 
concentration of the surface layer is set higher than an 
impurity concentration of the setrriconductbr layer in the main 
surface region of the semiconciuctor device . 
Embodiments of the Invention 

FIG. 4 is a sectional view of a semiconductor device, showing 
an embodiment of the present invention. 

In this case, FIG. 4 shows a sectional structure of one pixel 
in a photo diode array portion of a solid-state imaging device. 

The numeral 71 represents a P-type silicon substrate (the 
impurity concentration: about 5 x 10^*cm"^) , and the numeral 72 
designates a P-type well having a higher concentration (the 
impurity concentration: about 6 x lO^^cm'^) than the substrate 
1, has . The numeral 62 stands for an n'^ diffused layer serving 
as a source of a MOS transistor of a vertical switch and a photo 
diode. The numerals 64 and 65 designate polycrystalline 



silicon for a gate electrode and an n"^ diffused layer f of a drain, 
respectively. Further, 66 and 67 represent a gate oxide film 
and a filed oxide film, respectively. 

The conventional structure in FIG. 3 includes the well (P) 
62 having the conductivity opposite to that of the substrate 
(n) 61. By contrast, in the present invention, as illustrated 
in FIG. 4, a high- concentration well (P*) 72 having the same 
conductivity as that of the substrate (P) 71, thereby enabling 
a well resistance to be decreased and the vertical smear to be 
restrained. . . . 

In FIG. 4, a potential of,, ^e well 72 can be taken directly 
out of a rear surface via the substrate 71 having the same 
conductivity. Accordingly, there is no horizontal resistance 
R as in the conventional structure in FIG. 3, and hence the CR 
time constant is minimized, thereby enabling the fluctuation 
of the well potential to be reduced and uniformized. 

FIG. 5 is a diagram showing a potential on A-A' in FIG. 4. 

A range 11 corresponds to a portion of the substrate 71, a 
range 12 corresponds to a portion of the well 72, and a range 
13 corresponds to a portion of the n* diffused layer 63. The 
n* diffused layer 63 is reset to a video bias Vv, and the 
potential of the substrate 71 is fixed to Vw (which is normally 
an earth potential) . 

As described above, the signal charges converted with the 
light of a visible region effective in the solid-state imaging 
device for colors are generated mainly in regions 12, 13 close 
to the surface and accumulated in a high-potential portion of 
the n* diffused layer 63 . On the other hand, the signal charges 
converted with the light of the near infrared light region 
having the long wavelength get incident up to the inner part 
and are therefore generated alsq in the region 11 . The charges, 
when reaching the high-potggitial portion of the region 13 
through the diffusion, become the pseudo signals called the 
vertical smear. In the semiconductor device according to the 
present invention, however, as illustrated in FIG. 5, the 
impurity concentration of the well 72 is set higher than the 
substrate 71, and therefore a potential barrier VpB against 
electrons as shown in the following formula is formed, thereby 
restraining the diffusion of the unnecessary charges . 

V,,=^im'^ (1) 

q rig 

where k is the Boltzmann constant, T is an absolute temperature, 
q is a charge quantum, Up is an impurity concentration of the 
well layer, and ns is an impurity concentration of the 
substrate . 

As the potential barrier V'pb takes a larger value, though the 
diffusion of the unnecessary charges can be restrained, such 



an effect occurs that the junction capacity and the sxibstrate 
effect constant of the transistor become larger. In 
combination of this effect, the impurity concentrations of the 
regions 11, 12, i.e., the substrate 1 and the well 2 may be 
determined. 

Note that The restrain effect S for restraining the diffusion 
of the unnecessary charges is expressed by the following 
formula . 

S = Cxe^ (2) 

where C is a proportional constant. 

According to the present embodiment, the potential barrier 
VpB of approximately 65 mV is fontied, and the restrain effect 
S of the vertical smear obtains approximately 3 -fold value as 
large as the case of having no barrier. 

Thus, when applying the structure in FIG. 4 to the 
solid-state imaging device, it is feasible to remove the 
horizontal shading due to the fluctuation of the well potential 
and also to restrain the pseudo signals due to the vertical 
smear . . v . 

Incidentally, also when the semiconductor device having the 
structure in PIG. 4 is applied to the nMOS memory, the diffusion 
of the charges due to the a-lines is restrained, and hence the 
malfunctions are remarkably reduced. 

FIG. 6 is a diagram of a vertical structure of the 
semiconductor device, showing another embodiment of the 
present invention. 

The well 22 having the same conductivity according to the 
present invention is formed in a P-type impurity concentration 
layer 21 (which is grown based on, e.g., an epitaxial growth 
method) formed on a high-concentration P-type silicon 
substrate 20 (the impurity concentration: lO^^cm'^ or above) . 
The well 22 is the P-type impurity concentration layer having 
a higher concentration than the impurity concentration layer. 
21. 

The numerals 63 - 67 represent the same elements as those 
in FIG. 4, which are the n'' diffused layer 63, the 
polycrystalline silicon 64 for the gate electrode, the n* 
diffused layer 65 of the drain, the gate oxide film 66 and the 
filed oxide film 67. < 

In the embodiment in FIG. 6*,j the siibstrate resistance can 
be reduced because of the high- concentration substrate 20. 
Besides, the charges generated in the substrate 20 are almost 
re -coupled and disappear within the siibstrate 20 , and therefore 
the . unnecessary charges diffused to the P-type impurity 
concentration layer 21 can be decreased. 
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FIG. 7 is a diagram of a circuit configuration of the 
solid-state imaging device to which the present invention is 
applied. 

The numeral 31 represents a photo diode, 32 stands for MOS 
transistor of the vertical switch, 33 designates a MOS 
transistor of the horizontal switch, 34 represents and output 
line, and 35, 3 6 denote a vertical scan circuit and a horizontal 
scan circuit . 

A P-type region 37 where the photo diode array is disposed 
needs forming in the higher- concentration well than that of the 
P-type impurity concentration layer surface, however, other 
regions 38, 39, 40 may be formed in the same region as the 
high- concentration region 37.<i;^ or may be formed on the P-type 
impurity concentration layer surface, or may also be formed 
within another high- concentration region. 

FIG. 8 is a diagram of a circuit configuration of another 
solid-state imaging device to which the device according to the 
present invention is applied. 

The photo diode array is formed in the P-type impurity 
concentration layer region 41 having a higher concentration 
than that of the P-type impurity concentration layer surface. 
Regions such as a vertical scan circuit region 42, a horizontal 
reading circuit (charge transfer device) region 44 and a 
coupling circuit region 46, may be formed as the same region 
as the regions 41 described above, or may also be formed in 
another high- concentration P-type impurity concentration 
layer . 

Note that FIG. 7 shows an' X-Y. address scan type (MOS system) 
solid-state imaging device, and FIGS. 8 and 9 illustrate a 
charge transfer type (CCD system) solid-state imaging device. 

FIG. 9 is a diagram of a circuit configuration of still 
another solid-state imaging device to which the present 
invention is applied. t , 

The numerals 41, 43, 44 ]?epiresent the same components as 
those in FIG. 8, and 56 designates the coupling circuit region 
having a built-in amplifier circuit. The photo diode array is 
formed in the higher- concentration P-type impurity 
concentration region 41 than that of the P-type impurity 
concentration layer surface. 

The schemes described above are the cases to which the 
semiconductor device according to the present invention is 
applied, however, the present invention can be applied to the 
memory device in the same way. 

The a- lines, when these cx- lines radiated from the package 
travel within the substrate of the memory device, are converted 
into the charges, then get diffused artd flow to the reading line. 
According to the present invention, however, the diffusion of 
the charges to the n"^ layer from the memory accumulating portion 
is restrained by the potential barrier via the 



high- concentration impurity layer, resulting in the decrease 
of the malfunctions . 

Note that each of the embodiments has exemplified the case 
in which the source and the drain of the nMOS transistor are 
formed in the n* layer by use of the P-type semiconductor 
substrate. In the case of f ormijigi a PMOS transistor on a P* 
layer by using an n-type semiconductor substrate, i.e. , in the 
case of the solid-state imaging device and the MOS memory which 
handle the opposite charges (holes) , the present invention 
exhibits the same effects. 
Effects of the Invention 

As discussed above, according to. the present invention, the 
surface layer is set to the same conductivity as that of the 
semiconductor layer just under the surface layer, and the 
concentration of the surface layer is set higher than the 
impurity concentration of the semiconductor layer. It is 
therefore possible to fit the potential electrode from the rear 
surface via the substrate, to restrain the diffusion of the 
charges by forming the potential barrier, to reduce the 
horizontal shading and thie vertical smear with respect to the 
solid-state imaging device and to reduce the malfunctions due 
to the a- lines with respect to the memory device. 
4. Brief Description of the Drawings 

FIG. 1 is an explanatory diagram of the principle of a 
solid-state imaging device; FIG. 2 is a perspective view of a 
conventional solid-state imaging device; FIG. 3 is an 
explanatory diagram of horizontalgshading; FIG. 4 is a diagram 
of a sectional structure of the semiconductor device, showing 
an embodiment of the present invention; FIG. 5 is a diagram 
showing a potential on A-A' in FIG. 4; FIG. 6 is a diagram of 
a sectional structure of the semiconductor device, showing 
another embodiment of the present invention; and FIGS. 7, 8 and 
9 are diagrams each showing a circuit configuration of the 
solid-state imaging device to which the present invention is 
applied. 

1, 20: substrate, 2, 22: high- concentration well, 21: 

impurity concentration layer, 3: n'^ diffused layer serving as 
a source and a photo diode of MOS transistor of vertical switch, 
4: polycrystalline silicon for gate electrode, 5: n* diffused 
layer for drain, 6: gate oxide film, 7: field oxide film. 
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Abstract of JP 5! 
PURPOSE;To enable to decrease the malfunction 
by a method wherein a surface layer Is made the 
same conductive type as the semiconductor layer 



the surface layer is more increased than the Impurity 
concentration of the semiconductor layer. 
CONSTITUTION:ln one picture element In the photo 
diode array part of a solid- state image sensor, a P 
type SI substrate 71 has the impurity concentration 
of approx. 5X10<14>cm<-3>, and a P type 
well layer 72 has a higher concentration than the 
substrate 71, the Impurity concentration of approx. 
6X10<15>cm<-3>.; The potential of flie 
well 72 can be led out directly from the back surface 
via the substrate 71 of the same conductive type, 
therefore the resistance R in the transverse direction 
of the well 72 Is eliminated accordingly CR time 
constant determined by the R and the capacitance C 
between the well and the substrate becomes the 
minimum, and the variation of well potentials can be 
decreased and made uniform. Consequently, 
horizontal shading due to the variation of well 
potentials is eliminated, and thus the dummy signal 
due to vertical smear can be suppressed. Also In the 
case of applying the semiconductor device to an N- 
MOS memory, the charge diffusion due to alpha 
rays is suppressed by a potential barrier, therefore 
the malfunction remarirably decreases. 
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